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Mitral Valve Alternans
KENNETH M. KESSLER, MD, FACC
Miami, Florida
An echogram showing mitral valve alternans was re-
corded in a patient with advanced cardiomyopathy and
pulsus alternans induced by premature ventricular de-
polarizations. Decreasedleft ventricular emptyingby the
weak beat was followed by blunting of the subsequent
mitral valve E point, a finding compatible with a sig-
Pulsus alternans refers to alternation of weak and strong
pulses independent of cardiac pacemaker, cardiac rate or
respiratory cycle. This clinical finding has been associated
with advanced myocardial dysfunction (for example, car-
diomyopathy or critical aortic stenosis) (1). Pulsus alternans
may occur spontaneously or may be precipitated by a pre-
mature ventricular contraction. Furthermore, alternation of
pulse volume is accentuated by increased afterload (for ex-
ample, systemic hypertension) or reduced venous return (for
example, head tilt or nitroglycerin) (1). Controversy still
surrounds the basic mechanism or mechanisms of the al-
ternating stroke volume and has been variably attributed to
alternating diastolic filling, that is, a Starling effect (2,3)
or alternating inotropic state (4,5). The current case of mitral
alternans associated with pulsus alternans shows intermittent
distortion of the mitral valve echogram as a probable con-
sequence of abnormal intraventricular physiology.
Case Report
Clinical information. This 58 year old man with a his-
tory of congestive heart failure, mild hypertension, pre-
mature ventricular depolarizations and cardiomyopathy
(ejection fraction 25%) was admitted with a right hemi-
spheric cerebrovascular accident. Treatment with digoxin,
furosemide, isosorbide dinitrate, potassium and nifedipine
had controlled his congestive heart failure through the time
of the current admission.
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nificant elevation of left ventricular pressure in early
diastole. Both alternating systolic (contractile state) and
diastolic (pressure and dimension) variables seemed to
participate in the alternans phenomenon in this patient.
(J Am Coil CardioI1985;5:1257-9)
On admission, his blood pressure was 100170 mm Hg,
pulse 80 beats/min and respiratory rate 20 breaths/min. There
were bilateral cataracts, benign ocular fundi, no neck vein
distension, normal carotid impulses, clear lung fields, a
fourth heart sound, a benign abdominal examination, no
reduction in pulses and no edema. Neurologic evaluation
was consistent with a right hemispheric cerebrovascular ac-
cident. Laboratory findings revealed no anemia or metabolic
or electrolyte disturbance. The chest roentgenogram was
normal. The electrocardiogram showed left ventricular hy-
pertrophy. The patient's hospital course was uneventful with
partial clearing of the neurologic deficit and no decompen-
sation of cardiac function.
Echocardiographic findings. The M-mode and two-di-
mensional echocardiograms (Toshiba SH40) were consistent
with cardiomyopathy. The left atrial dimension was 4.5 em,
the left ventricular diastolic dimension was 6.8 ern, the
septal and posterior wall thicknesses were 1.2 em each and
the ejection fraction was 25%. Alternating distortion of the
mitral valve echogram (truncation of the E point; Fig. l)
was observed for four to five cycles after premature ven-
tricular depolarizations. Simultaneous aortic and mitral valve
echograms (Fig. 2) showed that the abnormal mitral valve
echograms occurred after weak ventricular contractions (that
is, smaller aortic openings).
Analysis of mitral alternans. Three similar eight beat
sequences were measured at two different times and aver-
aged to yield the values summarized in Table I. The weak
beats were characterized by a smaller initial end-diastolic
dimension, a lesser shortening fraction, a longer preejection
period, a shorter left ventricular ejection time and an in-
crease in the ratio of the preejection period to the left ven-
tricular ejection time. These beats were followed by initially
truncated mitral valve echograms showing somewhat de-
layed closure. Strong beats were characterized by a larger
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Figure 1. Mitral valve echogram show-
ing initiation of abnormal mitral contours
after premature ventricular contractions
(large arrowheads), which then alternate
through four or more beats. Note blunting
of the initial opening of the mitral valve
(at the smaller arrowheads). The mitral
valve contour was normal on the rare oc-
casions when the rhythm was not inter-
rupted by premature ventricular contrac-
tions. IVS = interventricular septum;
PW = posterior left ventricular wall; RV
= right ventricle.
, , ,
initial end-diastolic dimension (despite a smaller preceding
mitral valve diastolic area), greater shortening fraction, shorter
preejection period, longer left ventricular ejection time (but
similar total electromechanical systole) and decreased ratio
of the preejection period to the left ventricular ejection time .
These strong beats were followed by a normally appearing
mitral valve echogram which showed a similar delayed clos-
ing time to the mitral complexes occurring after weak beats .
Discussion
Previous reports. Noninvasive graphic representations
of pulsus alternans have been recorded by systolic time
intervals (6), echocardiography (7) and more recently by
Doppler echocardiography (8) . Hadarson et al. (9) reported
delayed mitral valve closure after the strong beats and earlier
mitral valve closure after the weak beat. They proposed that
after the weak beat, less blood was needed to fill the ven-
tricle; thereby diastolic filIing increased ventricular pressure
in late diastole to the point of preclosure of the mitral valve.
Alternation of atrial activity has also been reported (10).
Currentcase. The abnormality of the mitral valve con-
tour in this patient emphasizes the inadequate ventricular
emptying by the weak beat by demonstrating attenuation of
the subsequent rapid filling wave . This finding is compatible
with significant elevation of the left ventricular pressure in
early diastole (II). Thus, the diastole preceding the strong
Table 1. Beat by Beat Analysis of Pulsus Altemans
Figure 2. Simultaneous mitral and aortic valve echocardiograms
showing that the blunted mitral complexes follow the weak (lesser
aortic opening) beats. The aortic valve did not open sufficiently
during the premature ventricular depolarization to allow for mea-
surement of systolic time intervals. Arrowhead marks blunted
mitral echocardiogram. AV = aortic valve; MV = mitral valve;
S = strong beat; W = weak beat.
contraction appeared to be characterized by both an increase
in end-diastolic dimension and, by inference, a pandiastolic
elevation in pressure. This finding, while contrary to the
report of Laskey et al. (5), who noted no alternation in
diastolic pressures during pulsus alternans in four patients
with aortic stenosis , is similar to that of Cohn et al. (12) ,
RR LVIDd LVlDs SF PEP LVET VCF
(ms) (em) (em) (%) (ms) (ms) PEP/LVET (circ/s)
First and second normal beats 795 6.9 6.4 7.3 110 179 0.61 0.41
PVD beat 500 6.7 6.3 6.0
Post-PVD beat 1,020 6.8 5.7 16.2 81 208 0.39 0.78
First weak beat 780 6 .7 6 .3 6.0 110 159 0 .69 0 .38
First strong beat 795 6.8 6.2 8.8 101 168 0.60 0.52
Second weak beat 790 6.7 6.3 6.0 110 159 0.69 0.38
Second strong beat 800 6.9 6.3 9.0 101 169 0.60 0.53
LVET = left ventricular ejection time; LVIDd and LVIDs = left ventricular internal dimension in diastole and systole, respectively; PEP/lVET =
ratio of preejection period to leftventricularejection time; PVD = premature ventricular depolarization; RR = precedingR to R interval; SF = shortening
fraction ; VCF = velocity of circumferential fiber shortening.
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who showed the potential cocontribution of elevated dia-
stolic pressure (and not just volume/dimension) to strong
beats in patients with aortic stenosis.
Additional points of interest. Pulsus alternans was not
present in this patient on an echocardiogram performed 6
months earlier (even after premature ventricular depolari-
zations) despite similar dimensions, shortening fraction and
actually overt clinical decompensation at that time. This is
consistent with the findings of Hada it al. (13), who could
not discern a measurable difference between those patients
with congestive cardiomyopathy who did or did not exhibit
spontaneous or premature ventricular depolarization-in-
duced pulsus alternans. Inaddition, although the shortening
fraction remained reduced, the ratio.of.the preejection period
to left ventricular ejection time showed virtual normalization
in the postpremature beat, consistent with the findings of
Ranganathan et al. (14), who showed that after premature
ventricular contractions, this ratio decreased by 0.202 ±
0.026 (mean ± SE) in patients with an ejection fraction of
less than 30%. Overall, both alternating systolic (contractile
state) and diastolic (pressure and dimension) variables seem
to be evident in our patient.
We thank Martin Laighold for technical assistance, and Jacqueline Perez
and Diana Gomez for secretarial assistance.
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